INTRODUCTION
In 2004, Taylor et al. reported results from the African-American Heart Failure Trial (A-HeFT), which compared a fixed-dose combination (FDC) of isosorbide dinitrate (ISDN) and hydralazine hydrochloride (HYD) (FDC-ISDN/ HYD) versus placebo in self-identified African Americans with heart failure (HF) [1] . The trial was terminated early, after a mean follow-up of 10 months, primarily because in the FDC-ISDN/ HYD-treated group there was a 43% reduction in all-cause mortality, a 39% reduction in the risk of a first hospitalization for HF, and a statistically significant improvement in response to the Minnesota Living with Heart Failure questionnaire (a self-report of the patient's functional status). Based upon these findings, the US Food and Drug Administration (FDA) approved FDC-ISDN/HYD in June 2005 as a new drug (brand name BiDil) for the treatment of HF in self-identified African Americans.
As used in A-HeFT, FDC-ISDN/HYD was a new combination drug based upon two older generic drugs-ISDN and HYD-neither of which had been approved by the FDA for use in HF. ISDN had been approved by the FDA as a treatment for angina pectoris due to coronary artery disease, while HYD had been approved by the FDA for the treatment of hypertension. In the Orange Book, the FDA resource in which FDA-approved drug products are listed with therapeutic equivalence evaluations, there is no therapeutic equivalent documented for FDC-ISDN/HYD [2] . A pharmacokinetics study has also suggested that generic combinations of ISDN and HYD are not bioequivalent to the fixed-dose combination [3] .
Nonetheless, the off-label combination (OLC) of the generic drugs ISDN and HYD (OLC-ISDN?HYD) as a substitute for FDC-ISDN/ HYD in treatment of HF in self-identified African Americans is regularly prescribed in clinical practice. Moreover, use of this off-label combination has been acknowledged in some professional clinical guidelines, although it has not been separately studied. For example, in their 2013 HF guideline, the American College of Cardiology Foundation and American Heart Association (ACCF/AHA) endorsed the combination of ISDN and HYD ''to reduce morbidity and mortality for patients self-described as African Americans with New York Heart Association class III-IV HF with reduced ejection fraction receiving optimal therapy with ACE inhibitors and beta blockers, unless contraindicated''-a recommendation that the ACCF/AHA ranked as class I, with evidence graded level A. The 2013 guideline then provided advice for initiating and maintaining treatment not only with FDC-ISDN/ HYD but also with OLC-ISDN?HYD [4] .
In addition to OLC-ISDN?HYD, another off-label combination, which substitutes isosorbide mononitrate (ISMN) for ISDN in combination with HYD (OLC-ISMN?HYD), is also used in clinical practice as an alternative to FDC-ISDN/HYD for treatment of HF in self-identified African Americans [5] . As with OLC-ISDN?HYD, this off-label combination of drugs has also not been clinically studied.
Because these off-label generic combinations have never been compared to FDC-ISDN/HYD for treatment of HF in black subjects with HF, we conducted a retrospective propensity-matched cohort study using Medicare data to explore whether there might be an overall survival difference between the treatments for medication-adherent patients. Demonstration of such a difference might support the FDA position that FDC-ISDN/HYD is without a generic equivalent and might lead to further research into the use of FDC-ISDN/HYD for treatment of HF.
METHODS

Study Population and Databases
The study population consisted of black Medicare beneficiaries with HF whose primary payer was Medicare and who received their prescription drugs through Medicare Part D. From the Centers for Medicare and Medicaid Services (CMS) enrollment files, administrative data were extracted for the years 2006-2013 [6] . Medicare beneficiary annual summary files were then used to identify beneficiaries whose health-care costs were insured by Medicare, the year in which Medicare first noted that the beneficiaries had HF, and the date of death of the beneficiaries.
Medicare files contain demographic information and data about 21 chronic conditions for all beneficiaries enrolled in Medicare for any part of a year [7] . The files provide two variables for each of these 21 chronic conditions: (1) a yearly indicator, which specifies whether the beneficiary has met the criteria for the chronic condition during the year, and (2) a first-indication date, which is the year in which the beneficiary was first identified as having met the criteria for the chronic condition. HF is one of the 21 chronic conditions tracked by Medicare; the type of HF (whether with reduced or preserved ejection fraction) is not specified. For the analysis database used in this study, all black Medicare beneficiaries who were alive and identified within Medicare as having HF in 2006 were included. Then, for each year after 2006 through 2012, based on the first-indication date for HF, black beneficiaries newly identified within Medicare as having HF were included.
Because health-maintenance organizations do not report all reimbursements to CMS, the study excluded Medicare beneficiaries who were covered for more than 2 months by an HMO. The study also excluded beneficiaries who did not receive their prescription drugs through Medicare Part D. Medicare Part D data include information from pharmacies about prescriptions covered by Part D insurance plans. Using the Medicare Part D Event (PDE) file, which is linked to Medicare by patient identification numbers, it was possible to determine medications prescribed to black beneficiaries with HF. Each row in the PDE file corresponded to a single prescription drug refill for a beneficiary, listing the national drug code, the date of refill, and days of supply. The PDE file, however, does not specify the indication for which any drug is prescribed. Prescription refills of FDC-ISDN/ HYD, ISDN, ISMN, and HYD were identified by the national drug codes for the medications. For one of the generic combinations to qualify as a substitute for FDC-ISDN/HYD, we required that prescription refills of the two separate drugs (ISDN and HYD, or ISMN and HYD) be made within 30 days of each other.
We also required adherence to the medications as measured by the proportion-of-days-covered (PDC) method [8] . The PDC score was calculated based on fill dates and days of supply for each prescription appearing in the PDE file. In the PDC score, the numerator was the total number of days covered by the medication refills during the measurement period, defined as extending from the index prescription date to the end of the calendar year. The PDC-score denominator was the total number of days between the first prescription fill and the end of the study period or disenrollment or death. Any black beneficiary with HF and a PDC score C80% was considered adherent to FDC-ISDN/HYD, OLC-ISDN?HYD, or OLC-ISMN?HYD. Any beneficiary with a PDC score \80% was excluded from the analysis.
The outcome of interest for comparison between the treatment groups was all-cause mortality on the basis of death dates registered in the Medicare file. Using the PDC method, it was possible to identify a sufficient number of adherent patients for survival analysis after the first year of inclusion in the study database. But it was not possible to do that for any subsequent years, because the number of PDC-defined adherent patients was too low after the first year. Consequently, survival rates were determined for only the single year of demonstrated medication adherence. For the black beneficiaries identified as having HF in 2006 or before and who were included in the study database, the year of adherence used for survival analysis 
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Statistical Methods and Study Endpoint
Two sets of matched cohort pairs were produced on a 1:1 ratio basis using propensity-score probabilities [9] [10] [11] . The first set of matched cohort pairs included beneficiaries adherent to FDC-ISDN/HYD and beneficiaries adherent to OLC-ISDN?HYD. The second set of matched cohort pairs included beneficiaries adherent to FDC-ISDN/HYD and beneficiaries adherent to OLC-ISMN?HYD. Demographic factors (age, sex) and medical conditions at baseline (presence of acute myocardial infarction, atrial fibrillation, chronic kidney disease, chronic obstructive pulmonary disease, diabetes, ischemic heart disease, stroke or transient ischemic attack, and cancer) were treated as covariates for propensity matching. A generalized SAS macro for propensity-score matching was used [12] . Standardized mean differences quantified the bias in the means or proportions of the matched cohorts. Differences between the cohorts were evaluated using the t test for continuous variables and the chi-square test for categorical variables. For the analysis of death from any cause, standard Kaplan-Meier survival curves with the log-rank test were separately calculated for the FDC-ISDN/HYD and OLC-ISDN?HYD matched cohorts and for the FDC-ISDN/HYD and OLC-ISMN?HYD matched cohorts. Additional descriptive statistics were reported as mean ± SD or the total number (percentage). Statistical analyses were performed with SAS software, version 9.3 (SAS Institute, Cary, NC, USA). Table 1) .
RESULTS
Relatively few black
The overall rate of adherence to the medications, as defined by a PDC score C80%, was approximately 33%. In the study database, 28.2% of the black patients prescribed FDC-ISDN/HYD were adherent, 31.3% of patients prescribed OLC-ISDN?HYD were adherent, and 36.2% of patients prescribed OLC-ISMN?HYD were adherent (Table 1) . Table 2 presents the demographic and clinical characteristics of the black Medicare beneficiaries with HF who were adherent to FDC-ISDN/HYD or to the off-label combinations. The beneficiaries were relatively older (mean age 77.3 ± 7.8 years) and predominantly female (66.7%). The beneficiaries had a high prevalence of ischemic heart disease (85.9%), chronic kidney disease (74.9%), diabetes (70.9%), and chronic obstructive pulmonary disease (28.6%). The prevalence of atrial fibrillation was also high for a black population (17.3%) [13] .
After propensity-score matching, there were 886 matched pairs in the FDC-ISDN/HYD and OLC-ISDN?HYD matched cohorts (Table 3) , and there were 868 matched pairs in the FDC-ISDN/HYD and OLC-ISMN?HYD matched cohorts ( Table 4 ). The standardized mean differences for the patient variables in the two matched-pair composite cohorts were consistently \0.1.
During the single years of medication adherence for the black Medicare beneficiaries in the FDC-ISDN/HYD and OLC-ISDN?HYD matched cohorts, there were 107 deaths (12.1%) from all causes in the FDC-ISDN/HYD cohort and 151 deaths (17.0%) from all causes in the (Fig. 1) . For the FDC-ISDN/HYD and OLC-ISMN?HYD matched cohorts during the single years of medication adherence, the Kaplan-Meier estimates of 1-year overall survival were 88.2% (95% CI 85.9-90.2%) for the FDC-ISDN/HYD group and 84.8% (95% CI 82.2-87.0%) for the OLC-ISMN?HYD group (Fig. 2) . The log-rank test revealed a statistically significant difference for 1-year overall survival between patients adherent to FDC-ISDN/HYD and patients adherent to OLC-ISDN?HYD (p = 0.0024) and between patients adherent to FDC-ISDN/HYD and patients adherent to OLC-ISMN?HYD (p = 0.0320).
DISCUSSION
This retrospective propensity-matched analysis of black Medicare beneficiaries with HF has Adherence was defined as a proportion-of-days covered (PDC) score C80% FDC-ISDN/HYD fixed-dose combination of isosorbide dinitrate and hydralazine hydrochloride, OLC-ISDN?HYD off-label combination use of isosorbide dinitrate and hydralazine hydrochloride, OLC-ISMN?HYD off-label combination use of isosorbide mononitrate and hydralazine hydrochloride found a suggestive significant 1-year survival difference between black Medicare beneficiaries with HF who received and were adherent to FDC-ISDN/HYD and black Medicare beneficiaries with HF who received and were adherent to either of the two off-label generic combinations. This finding lends support to the FDA Orange Book assertion that there is no therapeutic equivalent for the fixed-dose combination (the off-label combinations are not therapeutically equivalent) and should lead to prospective investigation. The adherent black beneficiaries with HF in this study database were older and had a significantly higher burden of comorbid disease than the self-identified African American patients enrolled in the A-HeFT trial (mean age 57 years)-a difference to be expected between a real-world setting, consisting of Medicare patients, and a controlled clinical trial. Khazanie et al. identified 316 Medicare patients who had been discharged from hospital with a prescription for ISDN/HYD using the Get with the Guidelines registry linked with Medicare claims [14] . The Medicare patients identified in the current study and those identified by Khazanie et al. were of similar age (approximately 77 versus 75.3 years). But those in the current study were also predominantly female (66.7% versus 43.9%) and had a higher incidence of diabetes (70.9% versus 50.3%) and chronic kidney disease (74.9% versus 25.9%).
Khazanie et al. found that only 46% of black Medicare patients discharged with a prescription for ISDN/HYD filled the prescription within 90 days [14] . In the current analysis, in which adherence was defined as a PDC score C80%), the rate of adherence across the drug Adherence was defined as a proportion-of-days covered (PDC) score C80% FDC-ISDN/HYD fixed-dose combination of isosorbide dinitrate and hydralazine hydrochloride, OLC-ISDN?HYD off-label combination use of isosorbide dinitrate and hydralazine hydrochloride groups for the respective analysis years was approximately 33%. Adherence to the fixed-dose and off-label combinations of ISDN and HYD is known to be poor and is generally explained by the large number of tablets required, the frequency of administration (three times a day dosing), and the incidence of possible adverse reactions, such as headache, dizziness, and gastrointestinal complaints [5, 14, 15] . Titration of the drug is recommended to enhance tolerance of therapy [1, 4] . Evidence-based medicine is built upon the foundation that evidence derived from randomized trials is more highly valued than expert opinion. Unfortunately, owing in part to the overriding of A-HeFT results by expert opinion, African Americans with HF do not routinely receive FDC-ISDN/HYD as standard-of-care medicine [16] . Since approval of FDC-ISDN/HYD by the FDA, critics have questioned the integrity of the results of A-HeFT; because no white patients were enrolled in A-HeFT, it was concluded by some that use of FDC-ISDN/HYD for treatment of HF in African Americans must promote ''race'' medicine [17] . These critics asserted that OLC-ISDN?HYD is a generic form of FDC-ISDN/HYD and state that FDC-ISDN/HYD is merely a more convenient preparation of ISDN and HYD that reduces every two pills of OLC-ISDN?HYD to the single pill of FDC-ISDN/ HYD. Consequently, use of FDC-ISDN/HYD must ''take advantage of'' African Americans with HF because OLC-ISDN?HYD is available and less expensive than FDC-ISDN/HYD. Making assumptions about ability to pay for a Adherence was defined as a proportion-of-days covered (PDC) score C80% FDC-ISDN/HYD fixed-dose combination of isosorbide dinitrate and hydralazine hydrochloride, OLC-ISMN?HYD off-label combination use of isosorbide mononitrate and hydralazine hydrochloride unique and approved medication based on ethnicity has no scientific or ethical merit. The substitution of OLC-ISDN?HYD finds support in the medical community among those who disregard the FDA-approval process and FDA labeling, which has consistently maintained since 2005 that FDC-ISDN/HYD is a unique drug with no therapeutic equivalent [2] . No published studies have supported claims that FDC-ISDN/HYD and OLC-ISDN?HYD are therapeutically equivalent.
It has also been suggested that HYD plus any nitrate (H?N) can be substituted for FDC-ISDN/ HYD [5, 16] . In their analysis, Khazanie et al. defined ''H-ISDN therapy'' as ''prescriptions filled for hydralazine nitrate combinations (i.e., fixed-dose combination of hydralazine and isosorbide dinitrate, hydralazine and isosorbide mononitrate, or hydralazine and isosorbide dinitrate), as well as mineralocorticoid antagonists'' [14] . They reported that ''for both black patients and patients of other races, there were no differences in outcomes between those treated [with H-ISDN therapy] and untreated at discharge.'' In fact, no published clinical study has supported H?N as a substitute for FDC-ISDN/HYD, although Khazanie et al. lead physicians and patients to assume that in clinical settings ''H-ISDN therapy'' is ineffective.
Fonarow et al. have estimated that following clinical guidelines, about 27% of African Americans with HF in the US are eligible to receive FDC-ISDN/HYD, but they have observed that compliance with these guidelines is poor [18] . These investigators concluded that appropriate use of ISDN/HYD could prevent 6655 premature deaths annually [18] . By their estimate, 75,000 black Medicare beneficiaries died prematurely between the years of 2007 and 2015 because they did not receive this standard of care.
FDC-ISDN/HYD was the first drug that the FDA approved to treat a disease in a specific racial group. Neither the manufacturer nor the FDA asserted that racial differences explained the effectiveness of FDC-ISDN/HYD in self-identified African Americans, but the science was clear: FDC-ISDN/HYD produced a 43% reduction in mortality for self-identified African Americans with HF [1] . This compelling mortality benefit warranted FDA approval of the medication. In the absence of more specific indicators, the appropriate clinical approach is to heed evidence in prescribing a life-saving therapy.
A recent investigation based on data drawn from A-HeFT suggested that a functional polymorphism of the guanine nucleotide-binding protein beta polypeptide 3 subunit (GNB3) influenced the therapeutic efficacy of FDC-ISDN/HYD [19] . The Genomic Response Analysis of Heart Failure Therapy in African Americans (GRAHF-2) study (NCT02305095) is now underway in 500 self-identified African Americans with HF to confirm whether subjects with the GNB3 TT genotype have better outcomes with FDC-IDSN/HYD. Future research may find that non-African Americans with HF who have that genotype may also benefit from FDC-ISDN/HYD, making FDC-ISDN/ HYD the first precision medicine for HF.
To redress the imbalance between science and opinion regarding FDC-ISDN/HYD, the National Minority Quality Forum (NMQF) submitted an HF performance measure to the National Quality Forum (NQF), which is recognized by the US Congress as a consensus organization whose mission is to endorse performance measures. Performance measures tie clinician reimbursement to specific performance criteria to ensure the delivery of quality care. The NMQF HF performance measure prescribes FDC-ISDN/HYD for self-identified African Americans who remain symptomatic while on angiotensin-converting enzyme inhibitors, angiotensin-receptor blockers, or beta blockers. In reviewing the evidence, the NQF determined that African Americans are not receiving the standard of care, that there is a need for such a performance measure, and that the science does not support the substitution of OLC-ISDN?HYD or OLC-ISMN?HYD for FDC-ISDN/HYD [20] .
The results in this study must be interpreted with caution owing to the limitations of the Medicare databases. Medicare claims data offer documentation that a beneficiary has been ISMN?HYD) . Adherence was defined as a proportion-of-days-covered score C80% treated for HF, what treatments the beneficiary received, who provided care, the cost of care, and the rates of acute events (inpatient stay, outpatient visits, and death), but they do not record the beneficiary's symptoms, the actual condition of the heart, or clinically relevant description of disease intensity. For example, it is unknown whether the black Medicare patients with HF identified in this study as receiving FDC-ISDN/HYD or the off-label combinations have preserved or reduced EF. In the ACCF/AHA 2013 HF guideline, the combination of ISDN and HYD is recommended only for self-described African American patients with reduced EF [4] . However, there is no evidence to support the use of combination therapy with these drugs-or of any nitrate alone or of HYD alone-for treatment in HF patients with preserved ejection fraction [21, 22] . The assumption can thus be made that the black Medicare patients with HF identified as receiving the different combinations in this study had reduced EF, but of course that assumption cannot be verified.
Medicare Part D data provide information about prescription refills, but they do not indicate what the medications are prescribed for. In this study, we assumed that if the separate drugs ISDN and HYD or the separate drugs ISMN and HYD were prescribed within 30 days of each other, the separate prescriptions were intended to be combined as generic substitutes for FDC-ISDN/HYD; however, that interpretation cannot be validated. In the ACCF/AHA 2013 HF guideline, the combination of ISDN and HYD is recommended for self-described African American HF patients ''receiving optimal therapy with ACE inhibitors and beta blockers, unless contraindicated'' [4] . A criterion for this study's analysis database was treatment adherence as measured by the PDC method; it was impossible to add other drugs to qualify the patient set because the resulting number of patients was insufficient for survival analysis after propensity-matched scoring. With respect to the same criterion, it was impossible to extend the survival analysis beyond a single year because there were too few adherent beneficiaries after the first year of prescribed treatment.
CONCLUSION
In this retrospective propensity-matched analysis of black Medicare beneficiaries with HF who were medication adherent, there was a 1-year survival advantage for FDC-ISDN/HYD compared with the off-label combinations, suggesting a genuine difference between these medications. Despite the limitations of the Medicare databases, they can provide useful signals about the patterns and variations in care that African Americans with HF do or do not receive.
